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VALVE TIMING OF EHGIN&S EAVTHG

INTAKE PRESSURES HIGHER THAY EXEAUST

By Edward Se- Taylor

' With the wide acceptance of the gear~driven super-
charger 2sg standard equipment. for . aircraft engines, it is
so easy to obtalin almost any desired increase in power Dy

increasing tne supercharger gear ratio, tihat the problem

o< increasing poWwer has been merely one of making an en-
gine that will stand mup under the conditions of oneration.
Unfortunately, .the problem of obtaining reasonable fuel
consumption with such "boosted" engines is not so simple.

Hany engineers have bean 1nterested in the possibil—
ity of obtaining increased powsr from supercnarged en-—
gines by filling the clearance volume with combustidble
mixture by means of the avallable difLerence_ln intake and
exnaust pressures. To accomplish this, it is necessary
merely to allow the exhaust valve to remain open later,
and to open the intake valve earlier ia order that there
shall be a considerable period at the'end of the exhaust
stroke when both valves are dpen to permit the charge to
flow taraugh. -

Théhpurpose of thisg investigation is to determine
with a fair degree of approximation the possible improve-
ment in performance by using a large amount of valve over-~
lap on a supsrcharged engine. If it were possible %o
scavenge the clearance space completely, we .would expect
an increase in the indicated horsepower eéqual %o I/GR.

As in the two-cycia engines, complets scavengling is Fot
possible since there will always ve mixing of the fresh
charge with the exhaust gas. Conseguently, this figure
should .be taken as the maximum increase obtainable in the
ideal case., If the fuel is mixed with the air outside tae
cylinder and if any consideradble degree .0f scavenging is
obtainod, a considerable gquantity of fuel is almost cer-
tain to escape through the exhaugt valve. However, with
fuel injected directly “into the cylinder, it is possidble
to .delay the:injesction off fuel until after the exhaust
valva has closed and therefore a reasgonable fuel consump-
tion can be maintained with a high degree of scavenging,
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A series of tests was made on the N.A.C.A. universal
single~cylinder engine of 5~inch.bore and 7~ inch stroke
with varying amounts of overlap, f;em 0 tq lOO at five
different intake pressures. Air was supclled under pres
sure to the eangine from a separatelJ driven Roots type
supercharger., A 55-gallon drum was interposed between the
supercharger and the engine to Drov1de & recelvor ITom
which the engine could draw Yts" cnarge. Tie connection
between the engine and the drum was made short in order to
reduce the effect of pulsations in the inlet pipe. In all
tests except those for deterﬁining ‘tHe highest useful cor-
pression ratio, which were ahdis. somd time ago, the engino
was fitted with a fuel-injection sy%tem consigting of a
Bosch pump end ‘a speclally constructed mnozzle in the crl-
inder., The injection system has VYeen described in the
S.A.E, Journal of the Society of Automotive EBngineors, for
March, 1931. Tae injection Wwas timbd to start 50° aftor
top center on the suction stroke.  Figure 1 is a photo-
grepn of the set-up. The air was measured at the inlet to
the supercharger by means of a calibrated orlfice. - Fuel
wag measured by a volume gauge. DPower Was absorbed by a
directly connected eglectric dynamomeuer and all otaner
measurements necessary for complete performance tests of
the shgine were made, ' The valve timing was as follows:

_Overlsp - Inlet opem - ZExhaust close
Q% 7,0, T.¢,
200 100 BnTQC- 100 AoTl'Cc
400 - - 20° B.T.C. : 20° 4&.7.C.
609 . .. - 309 B,T,0.° - 300 A.T.C.C
800" . 400 3,7.0., - 40° A,T,C.

100° - 50° B.T.C. : 50°.A;T.C.
Inlet close 60° A.B.¢
Exhsust open 60° B.3.0. }'f°r all tosts.

The 1ift curves of the valves with varying amounts of .
overlap are shown in Figure 2. All tests were wade at__)ﬁ
1500 r.p.ms and at & compression ratio of 4,0 to 1y which
was low enough to insure that tnere was no detonatlon in
any of the’ tests. :

For each settlng of the valve .timing and each sujner-
charger pressure, the mixbture ratio. was varied. Curves
of b.,hp versus fuel” flow were plotted and. maximum 'b,hp
an¢ the rate of fuel flow for 98 per cent maximun b,hp Wwas
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taken from these ciirves, From these data the curves in
Figures 3 4, 5, and 6 Were plotted. -_--

Figure 3 shows the net i m'e,p¢ ‘at the_mixture ratio
for maxihum power plotted: ‘agalinst é6verlap. It will be
noted that the curve representlng a manifold ‘vacuum of- 3
inches of mercury peaks at ‘about 50°-over1ap, while at
atmospheric pressure the maximum power: ‘occurs 4t 70° and -
at 3-inch pressurs- the peak ocecufrs at 100° overlap. 4t
6-inch and 1l2-inch pressure the- range ‘of’ the valve gear
was not sufficient to find the peak -in power., It will be
noted. that &t 6-inch and 12-inch manifold pressure thers
is an avallable gain in indicated power of 9 per cent by
inereasing the overlap fron 50% to 100° with: further gains
available with greater overlap. .

From Flgure 4 it will be soen that the net indicated
‘specific fuel consumption fo? all supercharger pressures

is epproximately the same - and the best indicated effi-~ wav”x

cienty is obtained at about-40° overlap.- Zﬁé@?to the im-
provemsnt ihn meéhanical 6fficiency the net:dbrake specific
fuel consumption is ' lower™ at the higher manifold pressures
and best economy is obtained at a larger value of overlap

(B50° to 7o°)

Figure 5 shows an increase’ in specific air consump-—
tion with overlap greater than 40°, with all supercharger
pressures. -This-indicates a loss of fresh air tnrough the
exhaust valve. If the engine were fitted with a° ‘carburetor
giving a constant fuel-ailr ratio, the specific fuel con-
sumption curves would, of course, be 0f exactly similar
snane. Since the fuel is injected after the closing of the
exhaust valve, thers is a variatlon in the apparent fuel-
air ratio-for 98 per cent maximum power as shown in Fig-
ure 6, This: indlcates a loss of fresh air W1th the ex~
haust with overlaps greater than 400

Figure 8 shows the variation. in volumetric efficien—'
cy wlith overlap. ' The volumetric: efficioency is baeed on
air at manifold pressurs and temperature and is corrected
for tue compression by the incoming charge of the Tesid-
ual gas in the clearance volume., These curves sioW¥ very
clearly the increase in air - flow at high ¥alues of" over-
lap, It will be noted that the curves intérgect near two
inches manifold vacuum, which is- approximately where the" _
ordinery unsupercharged engine- operates at full throttle.:
Conseguently, the effséct of overlap on- sucéh sngines is :
likely %o be very small,
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In Figure 8 it will be noted that with no pressure
difference bestween intaks and exhaust, there is still an
increase in volumetric .efficiency-with increased overlap.
This is undoubtedly due to pulsatians and inertia of the
gases in.both the intake and exhaust pipes. It might bo
well to state here that the effect of pulsatlions deponds
chiefly wupon the(i.p ﬁ}, the length and diameter of tha
intake pipe, and the number of cylinders conneocted to one
pipoe. Tosts such as these made on a single-cylindor en-
gine are only indicative of the trends and thoe orders of
magnitude of the results which may be oxpected with a dif-
feront engine or.a different set-up. To determine opti-
mum valve -timing, each engine must be tested individually
witl the complote lntake and exhaust system it is to have
in sorv1ce.

.

An earller: set af. runs," with a carbunetor fittod to
theo engine was made at a superchargor pressure .of 6 inchos
and at varying comprsssion ratio., The compression ratio
whlch gave 1ncipient dotonations was 4,3 for 10D0° overlap
and 4,8 for 0° overlap: Thore was a 18 per ' cent ihcroase
in the power output with the highor valuo of overlap.

Flgure 9 shows the effeoct on specific fuoel consump-
tion of increasing the brake mean. effective pressure by
increasing-the supercharger pressurc and at the samoc time
lowering the. compression-ratio onough to prevent detona=
tiohe  -The effect of increasing the b.m,0.ps by increas-
ing. the valve overlap is shown oa the same sheet. It will
be..ssen - that when the b.m.e.,p. is increased to 139 por

t 'the normal unsupercharged value by increasing the
suporc..arger prossure and lowering ihe compression ratio
wit.rout changing the valvo timing, the fuel consumption
is increasocd:to 126 per cent of the:normal valus, If tho
overlap is increased.to 100° it is:possible to obtain the
same power With a specific fuel consumption only 117 per
cent of the unsupercharged value, The better economy in
the latter case is chiiefly due to the fact that it 18 not
necessary to empley sohigh a supercharger pressure and’
consequently the compression ratio can be raised from 3,5
t0.83.9 without cau31ng detonation. '

Tne obJection uswally raised to large amounts of
valve overlap is that it interferes with the idling char-
geteristics of the.engime. -When an.ongine with valve over-
lap-is - throttled, a reversal of flow takes place at the
end of the exhaust strokxe, the exhaust gas being sucked
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into the inlet manifold and exhaust gas or air being drawn
In through the exhaust valve, Whether exhaust gas or air
is taken into the cylinder through the exhaust valve de-
prendg upon the length and dlameter of the exhaust pipe.

If the pipe-is rnot sufficienfly long, %oo much air will be
drawn into the cylinder, and it will be impossible to make
the engine 1ldle properly without stratifying the charge

or resorting ‘to some other means of reducing the power
ontput, such as retdarding the spark. It might be possi-
ble to make such an engine idle by providing a separate
throttle close to each inlet valve. Perhaps the easiest
way to obviate the difficulty is to provide a long enough
exnaust pipe so that no fresh air will be drawn into the
cylinder. The laboratory set-up had such a pipe and the
engine would idle at 200 r, p.m. with any valve timing used
in tae test.

BIBLIOGRAPHY

Schey, Oscar W,, and Biermann, A, E.: The Effect of Valve
Timing upon the .Performance of s Supercharged Engine
at Altitude and an Unsupercharged Engine et Sea Level.
TeR. No, 390, N,A.C.A,.,, 1931,

De Juhasz, K, J.: Manifold Phenomena in Internal Combus-
tion Engines. Bulletin No, 7, University of Minnesota,
Engineering Experiment Station, Vol., 33, No. 45, Octo-
ber, 1930, '

Capetti, Aﬁtonio Effect of Intake Pipe on the Volumet-
ric Efficiency of an-Internal Combustion ?ngine. Tolde
Yo, 501, N.,A,C.A., 1929, .

Ware, Marsden: Description of the N.A.C.A. Universal Test
Engine and Some Test Results. T.Re No. 250, H.A,C.A,.,
1927. .

De Juhasz, K. J.: Inlet and Exhaust Paenomena., EHExperi-
ments Carried Out at High Speed with = Speclal Indi-
cator. -The Automobite Enginsew, Vol, XVI Ho. 220,
1926, pp., 369-373, o T

Massachusetts Institute of Technology, ,
Camnbridge, Hasgss,, December, 1931.



Gross h hp
det -bahp -

X.A.C,A, Technical Lote No, 405

APPEIDIX

S r e v a»

uxplanatlons of ﬁerms and calculations;'

: ,#‘brake horsepower .
) X brake borsapower minus superchargor hp.

Gross b S'f.ctli brakes%pecific fuel consumption.

.

Not b.s:f.c,

ool

o lb Tuel/hr. ,i“_ it:
“ross s hp ’

o

Tot indiceted -s.f.c.

i

Net indicated specific) _
air consumption

R
[y

Supercharger horsepowWer

2 )*,PT@%%@?@ gt intake to.supp;chargé;, ib./sq.in.

1b. fuel/hr,
net b,hp

1b. fuel/hr,

-ne% b.hp + fricdtion hp

, Lr._“].‘h,__ &ir/hr.
net b.hp + friction hp

v o=

1
1

+

44 p ol K-1
144 B vl . /‘? } X .

s '1{--—'1\-

ﬂ”.%*supercharger pressure, lB./sq.in.

N 0,70

Supercasrger m.0.P.

792000 supercharger Jbp

‘DX T

D [%lengine disriacament, cu.in,.

N
.l
i

¥ engine r.p.em,
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Volumetric efficiency

(corrected for clesar- = L
ance volume compres- Py - 1\
sions) (1728/ 2/ ( B r

W, % pounds of air per minute.

'g % specific volume of air at supercharger pres-
sure ard tewperaturs.

r % compression ratio:
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